This study documents the medicinal uses of Astavarga, a group of eight medicinal herbs, used in traditional medical knowledge (TMK) of the Himalaya region and in the traditional medical system (TMS) in India. Field surveys were conducted during 2006-2008 to collect data on the availability and uses of Astavarga across 21 diverse localities. During the surveys, information was collected on types of ailments treated and plant parts used in different therapies in TMK using semi-structured questionnaires. Overall, information was gathered from 92 informants in the study area. These herbs are mostly used to treat sexual problems, physical disability, respiratory problems, different types of pain, fever and urinary problems, as well as antiageing agents. Information on medicinal properties of these plants was also collected from secondary sources, i.e. the traditional medical system (Ayurveda) and through a literature survey. This revealed that Astavarga in TMS is mostly used to treat sexual disorders, physical weakness, to strengthen the immune system, body pain and as a tonic. Analysis of TMK in the Himalaya reveals some new medicinal properties of Astavarga while the literature survey indicates that some of the plants, viz. Habenaria and Malaxis species, are not explored so far for their chemical constituents and biological activity. New medicinal uses, as recorded by this study, will provide insights for further investigation of pharmacology and phytochemical constituents of these species.
Introduction
The World Health Organisation (WHO) estimated that 80% of the population of developing countries relies on traditional medicines, mostly plants, for their primary health care needs. Modern pharmacopoeia still contain at least 25% of drugs derived from plants, as well as synthetic analogues built on prototype compounds isolated from plants (Fransworth 1994; Mukherjee and Wahil 2006) . A large number of people in Africa, Asia and Latin America use traditional medicines for primary health care (ICTM 2006) . India holds the highest proportion of medicinal plants known for their medicinal value of any country in the world (Kala et al. 2006 ). The Indians have been using plants to cure diseases since ancient history, according to ancient documents on traditional medical systems based on plants: the Rigveda (4500-1600 BC), Charak Samhita (1000-800 BC) and Sushrut Samhita (800-700 BC). Progress in botanical studies during the nineteenth century has had a revolutionary influence on utilising plants for new drugs. However, proper documentation of this started in 1956 (Rao 1994) .
Paryayaratnamala was the first ancient text to use the word Astavarga and provide its herbal description (Joshi 1983) . Astavarga is a group of eight medicinal plants in Ayurveda medicine, namely, Habenaria intermedia D. Don, Habenaria edgeworthii Hook. f. ex Collet, Malaxis acuminata D. Don, Malaxis muscifera (Lindley) Kuntze, Polygonatum cirrhifolium Royle, Polygonatum verticillatum Allioni., Fritillaria roylei H.f. and Lilium polyphyllum D. Don ex Royle (Dhyani 2009 ). These plants are considered as a very good Rasayana with rejuvenating and health-promoting properties, and are known to strengthen the immune system and have immense cell regeneration capacity. Astavarga is useful in promoting body fat, healing fractures, seminal weakness, fever, abnormal thirst, diabetic conditions and as a cure for vata, pitta, rakta doshas. Astavarga plants are also reported to restore health immediately and work as antioxidants in the body (Mathur 2003; Pandey 2005; Sharma and Balkrishna 2005) . Due to high medicinal value, Astavarga plants are used in different forms, e.g. Taila (oil), Ghritam (medicated clarified butter), Churana (powder) and formulations in the traditional medical system (TMS) including Chyavanprasha, a health-promotive and disease-preventive tonic. Astavargabased formulations prescribed in Ayurveda are presented in Table 1 . More importantly, some of these formulations are available in Indian markets as pharmaceutical products, e.g. Chyavanprasha and the commonly used medicine Sudarshana Churna are available in almost every primary healthcare unit in rural areas of India.
Surveys have been conducted on traditional knowledge of medicinal plants (Nautiyal et al. 2003; Kala 2004 Kala , 2007 Samal and Dhyani 2006; Uniyal et al. 2006; Kala et al. 2006; Singh and Lal 2008) . These studies revealed that Uttarakhand, northwest Himalaya holds most medicinal plants compared to any other regions of India. This knowledge is still retained by the indigenous people of the region, due to poor accessibility of terrain and comparatively slow rate of development (Kala 2002; Farooquee et al. 2004) .
Information on Astavarga is available in the traditional system of medicine (TSM) in India as part of traditional medical knowledge (TMK) held mainly by local inhabitants. However, information regarding TMK is available either in local dialects or, most of the time, is transferred to the next generation orally (Shastri 2002; Mathur 2003; Pandey 2005; Mishra et al. 2005) . This further restricts its accessibility and results into loss of valuable traditional knowledge. Hence, the present study aims to document information from TSM and entirely new information from TMK on Astavarga plants based on literature and field survey, respectively, from northwest Himalaya, India.
Materials and methods

Survey methods
An extensive literature survey (Osmaston 1978; Naithani 1985; Hooker 1988; Gaur 1999; Sharma and Balkrishan 2005; Dhyani et al. 2010 ) was carried out for identification and demarcation of natural habitats of Astavarga plants in the Garhwal region. Natural distribution range of these plants, followed by family name, plant description, medicinal properties and chemical constituents are given in Table 2 . Twentyone natural habitats were found across various parts of Garhwal: Bhangeli, Chamba, Dhanaulti, Devriyatal, Dayara, Devban, Mussorrie, Gangotri, Gangnani, Gaurikund, Kedarnath, Khirsu, Madmaheshwar, Mandal, Pauri, Rainthal, Rudranath, Trijuginarayan, Tungnath, Yamnotri and the Valley of Flowers, at altitudes from 1600 to 3900 m a.s.l. (Figure 1) .
A field survey was conducted during 2006-2008 across the above localities, preferably during the snow-free period. The survey was undertaken to gather data on medicinal uses of the Astavarga species in traditional medical knowledge (folk medicine) and other ethnobotanical uses of local inhabitants in the region. Survey information was gathered while, using semi-structured questionnaires on types of ailment treated, plant part used in different therapies, as well as use for other purposes. Surveys were conducted randomly in all sites to identify informants among the traditional vaidyas, local healers and elderly people. Informants were mainly men, and very few women. This may be because of their reservation to talk about sex-related problems. In total, 92 informants were interviewed, 84 male and 8 female, with 71 (77%) aged 40 years or more. Doses for disease treatments were worked out in grams and milliliters for powder and juices/decoction, respectively.
Information was also collected from secondary sources, i.e. TMS and modern pharmacopoeia (CSIR 1966; Dey 1988;  Warrier et al. (1997) . Figure 1 . Location map of study area. Uniyal 1991; Antoniuk 1993; Warrier et al. 1997; Gaur 1999; Jiang et al. 2001; Venugopal 2001; Kuo et al. 2002; Shastri 2002 Shastri , 2004 Mathur 2003; Mishra 2005; Pandey 2005; Sharma and Balkrishana, 2005; Uniyal et al. 2006; Khan and Khatoo, 2008; Mishra et al. 2008; Dhyani et al. 2009 ) for the compilation of uses and properties of Astavarga plants.
The information was compiled on plant parts used in therapy and also on the number of ailments treated by the respective species.
Plant identification and data presentation
Plant specimens collected during field visits were identified and confirmed with the aid of relevant available published flora (Osmaston 1978; Naithani 1985; Gaur 1999) . The voucher specimens were compared and matched with authentic specimens in the herbarium of the FRI (Forest Research Institute), Dehradun, India. Data were tabulated on the basis of plant species name, vernacular name, part used, disease treated and mode of use. Available information on medicinal uses and chemical constituents/properties of plants were compiled from relevant sources (Warrier et al. 1997) .
Results
During the survey of Astavarga plants, use for diseases such as sexual problems, gastric trouble, throat infections, fevers and weakness were recorded (Table 3) . Of the eight species, four 
polyphyllum).
During the surveys, these species are known by different traditional names in different locations (Table 4) . L. polyphyllum and F. roylei were known by the vernacular names Kakoli and Ksirakakoli, which is likely due to more or less similar medicinal uses of these two species in TSM. The underground plant parts (bulbs, pseudobulbs and tubers) were used for medicinal purposes, and leaves of P. cirrhifolium were consumed as a vegetable. For most medical uses, powder from underground parts was preferred as it is easy to store for long periods. Raw material is also used sometimes, i.e. bulb scales of L. polyphyllum are eaten raw to gain instant energy. Fewer young informants (20-40 years) knew the local name and traditional uses of Astavarga species. This may be directly connected to the declining number of individuals of the eight species in nature. In addition, lack of transfer of knowledge verbally to the next generation and unwillingness of the young generation to practice and conserve traditional knowledge are major reasons for this lack of knowledge.
In the local healthcare system of the study area, most Astavarga plants were used for sexual problems (impotence, spermatogenesis/reproductive problems), followed by physical weakness, strengthening the immune system and body pain (Figure 2 ). During the field surveys, six species were found to be useful for more than one disease, but H. edgeworthii and M. muscifera are only used as a galactagogue and tonic, respectively (Figure 3 ). Among users, the most common Astavarga plant was P. verticillatum (46% of informants), followed by P. cirrhifolium, F. roylei, L. polyphyllum, H. intermedia, H. edgeworthii, M. muscifera and M. acuminata (5-10%).
The bulb of F. roylei is used for treatment of asthma and tuberculosis, as well as body pains. In Gangotri region, bulbs of L. polyphyllum are dried in the shade then cooked with potatoes in vegetable oil. In subalpine and alpine habitats, bulbs of L. polyphyllum and F. roylei are consumed by rodents (mice in particular) and birds, respectively, and flowers of these two species are taken to nearby temples and used in the home for aesthetic and ornamental purposes. Similarly, tubers of P. cirrhifolium, consumed with warm milk, function as an aphrodisiac and energy tonic. Both Polygonatum species are used as a vegetable for instant energy.
Discussion
On the basis of therapeutic uses, Astavarga plants are categorised into seven groups in Ayurveda: rejuvenating (promote longevity), promoting body flesh, as a suboleative, strengthening, increasing sperm, improving immunity and in various types of body pain (Table 5 ). Local inhabitants also use these plants in the primary healthcare system for physical and sexual debility, to improve the immune system and for various body pains. Moreover they are used for coughs and breathing problems, fever and urinary problems in TMS (Uniyal 1991; Warrier et al. 1997; Sharma and Balkrishana 2005) . Preference for a particular plant or existing knowledge regarding medicinal properties varies in different locations in the study area. Some plants are commonly used as medicine because of their wide distribution and frequent occurrence and, more importantly, because they are easy to identify. Species known by their different vernacular names are not always correctly identified and probably are used to adulterate medicines due to the high demand for these plants in TSM in India (Uniyal 1991; Shastri 2002) . This is the case with species like Polygonatum, while some plants, viz. Habenaria and Malaxis species, are restricted to a few microhabitats in remote areas and are difficult to collect. This results in a lack of awareness regarding their medicinal value and uses in local inhabitants of the study area. It may also be associated with rapid depletion of these plants from natural habitats and most of these plants are now under threat according to Ved et al. (2003) . Warrier et al. (1997) reported that L. polyphyllum is used for sexual disorders and intermittent fever in TSM, and similar uses were reported in the survey of local inhabitants. L. polyphyllum is also used for pain-related ailments, kidney problem and to enhance the immune system and is frequently used in folk medicine, which were not reported by these authors. In Gangotri region, bulbs of L. polyphyllum were dried and cooked with potato in vegetable oil to increase sexual potency and keep the body warm during winter. Similarly, Uniyal (1991) documented traditional use of this species, where the bulb is roasted and consumed as food by the rural people of Uttarakhand. Gaur (1999) reported medicinal use of bulbs of F. roylei for treatments of asthma and tuberculosis, and the survey found that it is also used in a paste for pain. Both bulbs are eaten by rodents and birds during adverse conditions, and Dhyani and Kala (2005) reported that Monal pheasant feeds on tubers of P. verticillatum in Indian Himalaya.
We did not confirm use of Habenaria tubers as an aphrodisiac, as reported in the literature, but it is used traditionally to promote longevity and breast milk in pregnant women. Tubers of H. intermedia are cooked as vegetable according to Chauhan et al. (2007) . Malaxis species are used to increase sperm/ reproductive tissue, for bronchitis and a paste made from pseudobulbs of M. muscifera is applied for insect bites (Chauhan et al. 2008) . P. verticillatum is also used for improving sexual potency, as a tonic, to increase body temperature, and for gastric troubles (Uniyal et al. 2006) . We found similar reports in the local health care system and in Mishra et al. (2008) for part of the northwest Himalaya. In addition, Khan and Khatoon (2008) reported medicinal use of roots of this species for disturbed menstruation, uterine tumour and swelling in Pakistan.
Conclusions
The information collected in the present study, especially new reports on uses of Astavarga plants in traditional medical knowledge, may help researchers and scientists to investigate novel phytochemical and pharmacological properties. Moreover, L. polyphyllum, M. muscifera and Habenaria species having medicinal uses in TSM in India should be further examined for therapeutic use. It is essential to assess Astavarga plants for phytochemical content and ethnopharmacological use to validate the efficacy of this indigenous herbal medicine. 
